Introduction
Purpura fulminans is a rare, life-threatening disease state, classically defined as a cutaneous marker of disseminated intravascular coagulation, which can be present in both infective and non-infective disease states [1] . Most commonly, purpura fulminans affects pediatric patients, and when associated with severe sepsis, purpura fulminans has an in-hospital mortality rate of 42% (or higher) [2] . Typically, the most frequently associated bacterial species found in patient blood cultures with purpura fulminans are group-A Streptococcus (most common in adults), methicillin-susceptible Staphylococcus aureus (MSSA), Streptococcus pneumonia, Vibrio vulnificus, and Neisseria meningitidis (most common in pediatrics) [3] [4] . Although MSSA has been reported in several previously documented cases, methicillin-resistant Staphylococcus aureus (MRSA) induced purpura fulminans is an exceedingly rare diagnosis with only a handful of documented cases. Generally, in patients with sepsis-induced purpura fulminans, early goaldirected therapy with broad-spectrum antibiotics and fluid resuscitation is the hallmark of treatment with new research pointing towards the use of activated protein C replacement as an effective adjuvant therapy [4] . Additionally, patients may be treated with fresh frozen plasma (FFP), platelets, intravenous immunoglobulin (IVIg), heparin, and tissue plasminogen activator (tPA). alcohol abuse. On EMS arrival to the patient's home, he was noted to have tachycardia with a rate in the 170s (given multiple rounds of adenosine with no improvement for presumed SVT), fever, and a diffuse erythematous rash (Figure 1) . A sepsis alert was called and the patient was transported to the emergency department (ED) for further evaluation and management. On arrival to the ED, the patient was noted to have a temperature of 104.7 (rectally), tachycardia with a rate in the 160s, a blood pressure of 122/85, and a respiratory rate of 22, saturating 99% on 15L via non-rebreather mask. Physical exam revealed a pale, older than stated age maleawake, alert, and oriented to self (answering simple questions appropriately, but unsure of the events leading up to his ED presentation) with diffuse, blanchable, erythematous/purpuric patches throughout his body (primarily throughout the trunk), with non-blanchable patches involved the bilateral lower extremities (no palmar/sole or mucosal involvement).
FIGURE 1: Electrocardiogram on arrival -Case 1
Laboratory data, as seen in Table 1 , was significant for a platelet count of 13,000/uL, sodium of 125 mmol/L, creatinine of 3.27 mg/dl, total CK of 5,189 units/L, alanine aminotransferase (ALT) of 82 units/L, and aspartate aminotransferase (AST) of 264 units/L (two weeks previously patient was in the ED for an unrelated complaint and had a platelet count of 213,000/uL, sodium of 131 mmol/l, and creatinine of 0.97 mg/dL -liver function studies were not drawn at previous presentation. A working diagnosis of sepsis induced purpura fulminans was established with a consideration for thrombotic thrombocytopenic purpura (TTP) due to patient's fever, renal failure, altered mental status, and thrombocytopenia. Subsequent laboratory results later confirmed purpura fulminans over TTP with a negative ADAMTS13 testing (A Disintegrin And Metalloproteinase with Thrombospondin type 1 motif, 13), with positive blood cultures that grew MRSA. After initial stabilization and treatment in the ED, the patient was admitted to the intensive care unite (ICU) due to his impending clinical course (deterioration was expected due to patient's comorbid alcohol abuse and underlying liver disorder). The patient was subsequently intubated and started on vasopressors 15 hours and 19 hours after presentation respectively. Despite aggressive management in the ICU, the patient developed worsening skin discoloration, lost pulses in the extremities, and family withdrew care resulting in death approximately 48 hours after presentation.
Detail

Case 2
A 20-year-old female presented to the ED with a complaint of shortness of breath, cough, diarrhea, and fever over the last three days. She also relayed cramping sensations to the upper and lower extremities. The patient was a college student who had travelled to the United States from Columbia four months prior. In the ED, her boyfriend relayed that he recently had the same flu-like symptoms and recovered without any medical treatment. The patient denied any past medical or surgical history.
In the ED, she was found to have initial vital signs of temperature 97.6, heart rate of 118, respiratory rate of 28, and 88% oxygen saturation on 4L nasal cannula. Physical exam showed an ill, pale appearing young female. Her skin was cool and a mottled rash was clearly visible, mainly in her hands and lower extremities. She had tachypnea, but her lungs were clear to auscultation with symmetrical expansion. She had tachycardia with severely delayed capillary refill. She had a soft abdomen with normal bowel sounds and no tenderness or rebound. Neurologically she was alert and oriented with no motor or speech deficit.
A full sepsis evaluation was initiated. This included complete blood count (CBC), complete metabolic panel (CMP), prothrombin time (PT), partial thromboplastin time (PTT), international normalized ratio (INR), troponin along with blood cultures, and urinalysis. Arterial blood gas (ABG), creatinine kinase (CK) total, and fibrinogen were also ordered. Computed tomography (CT) imaging of the abdomen and pelvis was ordered to evaluate for pathology causing nausea and diarrhea she had been experiencing. Broad-spectrum antibiotic coverage with vancomycin and pipercillin/tazobactam were given with a 30 cc/kg bolus of normal saline as per sepsis protocol. Lumbar puncture was not performed secondary to low platelets. Due to the patients systemic inflammatory response, bandemia, and abnormal laboratory values, she was admitted to the ICU. Working diagnosis due to the fibrinogen and platelet abnormalities included TTP, hemolytic uremic syndrome, sepsis (possibly from a gastrointestinal source). The ICU team planned to consult hematology and order additional labs.
Once admitted to the ICU, the patient was given 4 units of FFP at the recommendation of hematology and a peripheral blood smear was performed. No schistocytes were noted. Disseminated intravascular coagulation secondary to sepsis was the suspected source of her coagulopathy and infectious disease was consulted.
The infectious disease physician consulted suspected the patient to have purpura fulminans with possible Meningococcemia, Pneumococcemia, Staphylococcemia, Capnocytophaga, or Rickettsial disease. In the ICU, the patient had continued to exhibit signs of septic shock requiring Norepinephrine(Levophed®) to correct hypotension. Antibiotics were switched to Meropenem at that time. Blood cultures returned showing gram-negative diplococci and the diagnosis of meningococcemia was confirmed. At this time the patient's antibiotics were switched to ceftriaxone 2 gm every 12 hours. Hematology began giving protein C concentrate at this time. The patient continued treatment with ceftriaxone while in the hospital for 10 days before being discharged home.
Discussion
Purpura fulminans is an external demonstration of serious underlying internal systemic infection. Disseminated intravascular coagulation is the paradoxical phenomenon of clot formation within blood vessels consuming coagulation factors that consequently leads to widespread bleeding. This deregulation within hemostasis is the mechanism behind the dermatologic manifestation of purpura fulminans.
Protein C is an anticoagulation factor produced in the liver. It is one of several Vitamin K dependent coagulation factors including Factors II, VII, IX, X, protein S, and protein Z. Protein C acts as a natural anticoagulant, disabling factors Va and VIIIa when functioning in its activated form. Patients can have both an inherited protein C deficiency, or an acquired deficiency as described in the preceding cases.
Meningococcemia and infections secondary to Staphylococcus aureus lead to remarkably reduced levels of activated protein C due to dysfunction of the endothelial protein C activation pathway. In addition to activated protein C's anticoagulation profile, it also has a role in inflammatory response modulation. Administration of protein C concentrate reduces skin tissue damage, preventing irreparable skin damage, and decreases the inflammatory cascade [5] .
Treatment
In patients with sepsis induced purpura fulminans, early goal directed therapy with broad spectrum antibiotics and fluid resuscitation is a hallmark of treatment with new research pointing towards the use of activated protein C replacement (via protein C concentrate) as an effective adjuvant therapy [5] . When given early in the disease course, protein C concentrate may in fact reduce both morbidity and mortality [3] . Dosing of protein C concentrate is 100-120 IU/kg, with 3 subsequent doses of 60-80 IU/kg q6hrs, as well as a maintenance dose of 45-60 IU/kg q6-12hrs [6] . Additionally, patients may be treated with FFP (in the setting of purpura fulminans secondary to protein c defiency), platelets, IVIG, heparin, and tPA with varying degrees of improvement/success dependent upon the clinical presentation of purpura fulminans (anticoagulation is not currently recommended for treatment of purpura fulminans when caused by, or in the presence of sepsis).
Regarding platelets, traditional treatment guidelines of platelet replacement is indicated for a platelet count <50,000 in the setting of active bleeding and <10,000 without active bleeding but in purpura fulminans this may not be effective. Alternatively, replacing platelets for any level <20,000 without active bleeding has been recommended (treatment in the setting of active bleeding is unchanged). If there is concern for TTP, platelets are classically withheld, as there have been reported cases of myocardial infarctions and stroke following administration of platelets. No formal studies have shown statistically significant negative effects of platelet transfusion in this patient population but due to these previous reports FFP is administered in place of platelets [7] .
Purpura fulminans is most commonly caused by meningococcemia in pediatrics and Group-A Streptococcus in adults but can also be caused by staphylococcus (typically MSSA), Vibrio vulnificus, pneumococcus, and non-infectious states including protein C and S deficiencies. MRSA induced purpura fulminans is an exceedingly rare diagnosis.
Protein C concentrate can, and should be, considered in patients with suspected purpura fulminans in the setting of severe sepsis in consultation with hematology as it has shown improvement in morbidity and mortality. Platelets should be transfused for platelet counts <20,000 in the setting severe sepsis induced purpura fulminans without active bleeding. Treatment for purpura fulminans should always initially be directed towards the underlying cause of purpura fulminans with broad-spectrum antibiotics and fluid resuscitation.
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